Abstract: Bound phenolics from oat grain endosperm-germ and bran fractions contributed to 73.30%-82.22% of total phenol content and 59.33%-66.83%, 67.86%-75.74%, and 59.02%-67.86% of total antioxidant capacity in ABTS-AC, DDPH-AC, and FRAP-AC, respectively. Bound phenolics form the bulk of the total phenol content and antioxidant capacity, especially in bran fraction.
Introduction
Oats (Avena sativa L.) differ from other cereals in that they are typically consumed as a whole grain, including the bran. As a result, the antioxidant-rich portion of the grain is retained, including phenolic compounds, which in oats are mainly represented by phenolic acids and avenanthramides (Peterson 2001) . Commonly used analytical techniques include the Folin-Ciocalteu reagent (FCR) for measuring total phenol content and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulphonic acid) diammonium salt (ABTS), 2,2-diphenyl-1-picrylhydrazyl (DPPH), and ferric reducing antioxidant power (FRAP) assays for antioxidant capacity evaluation. These methods are often used due to their operational convenience, simplicity, reproducibility, speed, low cost, robustness, and low equipment requirements: the only equipment necessary is a UV-Vis spectrophotometer (Karadag et al. 2009 ). Several previous studies used these methods to evaluate total phenol content and antioxidant capacity in oat whole grain (Emmons and Peterson 2001; Rakić et al. 2014; Chen et al. 2015; Čukelj et al. 2015) . However, most of these studies evaluated only soluble phenolic fractions, excluding bound phenolic fractions, which represent a large portion of the total phenol content of oat grain, thus underestimating the true levels. The objective of this work was to evaluate the contribution of bound phenolic compounds from different anatomical parts of the oat grain so as to determine the total phenol content and antioxidant capacity of five oat genotypes.
Materials and Methods

Plant material
Grains of the genotypes 'Chichimeca', 'Cuauhtémoc', 'Marín', 'Menonita', and 'UANL', grown in Nuevo León, México, were kindly provided by Dr. J.E. Treviño-Ramírez. Fifty grams of dehulled grain were ground in an electric mill and the bran was air-separated. The two grain components, endosperm-germ (EG) and bran (B), were then obtained, milled separately, and sieved to obtain a particle size <0.5 mm (using standard mesh size 35).
Extraction of free and bound phenolics
Free and bound phenolics were extracted according to the method described by Niño-Medina et al. (2017) . The four extracts obtained were labelled as endosperm-germ free (EGF), bran-free (BF), endosperm-germ bound (EGB), and bran-bound (BB) fractions.
Evaluation of total phenol content and antioxidant capacity
Total phenol content was evaluated and ABTS, DPPH, and FRAP antioxidant capacity assays were performed according to the method described by López-Contreras et al. (2015) .
Total phenol content was determined based on the Folin-Ciocalteu reaction and the absorbance was measured at 750 nm. 
Statistical analysis
Statistical significance between samples was evaluated by analysis of variance followed by Tukey's test using Minitab 14.0 (Minitab Inc. 2004) . A probability of p ≤ 0.05 (5%) was deemed to be statistically significant. Results were expressed as mean values of three samples ± standard deviation.
Results and Discussion
Significant differences (p ≤ 0.05) were observed in the total phenol content and antioxidant capacity measured using ABTS-AC, DPPH-AC, and FRAP-AC between the four fractions in all genotypes ( Compared with all other genotypes, the highest phenol content and antioxidant capacity were observed for 'Cuauhtémoc' for all evaluations carried out, while the As previously mentioned, other studies have evaluated total phenol content and performed ABTS-AC, DPPH-AC, and FRAP-AC antioxidant capacity assays using the oat whole grain. However, most of these studies evaluate only the free phenolic fractions, excluding bound phenolic fractions, which represent a large portion of the total phenol content, thus underestimating the true levels. Emmons and Peterson (2001) obtained mean values of 264-417 μg g −1 for free phenolics in 'Dane', 'Belle', and 'Gem' oat cultivars grown at seven different locations. Rakić et al. (2014) reported free phenolic levels of 800-1300 μg g −1 in three commercial cultivars: 'Vrbas', 'NS Tara', and 'Dunav'. Adom and Liu (2002) quantified 809 μg g −1 of bound phenolics in oat whole grain flour, which represented 72% of the total phenol. This value for total bound phenolic content is lower than those obtained for our five genotypes, but the percentage contribution of bound phenolics to total phenol content is within the range of our data. In a study carried out by Kováčová and Malinová (2007) , where the total phenol content of 21 oat cultivars was evaluated, eight of the samples analyzed gave lower results than our data, ranging from 1104 to 2250 μg g −1 , but the remaining 13 cultivars were within the range of our study results, with a phenol content from 3451 to 5533 μg g −1 . In contrast to our study, these authors did not report the percentage contribution of bound phenolic compounds from different anatomical parts of the grain to the total phenol content.
On the other hand, ABTS-AC, DPPH-AC, and FRAP-AC assays have been used to test the antioxidant capacity of free phenolics from oats. Serpen et al. (2008) extracted free and bound phenolics from oats by sequential extraction procedures, to evaluate the ABTS-AC, finding that the water-ethanol-alkaline hydrolysis extract reached 28.5 μmol TE g −1 , which is within the range of our data, but the methanol-alkaline hydrolysis extract reached 18.1 μmol TE g −1 , which is lower than our data for all genotypes. Moreover, they reported that alkalinehydrolyzed fractions contributed to 19.2% and 46.5% of the total antioxidant capacity in the first and second procedure, respectively. Chen et al. (2015) evaluated the effect of heat and α-amylase treatments on the antioxidant capacity of free phenolic compounds from the Baiyan 2 oat strain, obtaining values of 2.0-2.3 μmol TE g −1 and 2.0-4.0 μmol TE g −1 using the DPPH-AC and FRAP-AC assays, respectively, after 75 min of treatment. Čukelj et al. (2015) obtained free phenolic compounds from commercial oats grown using conventional and organic production practices and these authors obtained values of approximately 1.5 and 2.0 μmol TE g −1 for conventionally produced and organically produced oats, respectively, using the DPPH-AC assay and values of approximately 5.8 and 6.6 μmol TE g −1 , respectively, using the FRAP-AC assay. The total phenol content and measured antioxidant capacity of bound fractions (EGB + BB) obtained from our five analyzed genotypes were higher than data reported by other authors, who analyzed only free phenolic fractions. This indicates that the true levels were underestimated in these previous studies. Finally, the results of the present study demonstrated that bound phenolic compounds are the main contributors to total phenol content and ABTS-AC, DPPH-AC, and FRAP-AC antioxidant capacity in oat whole grain, especially those from the bran fraction. Taking this into account, we suggest that bound phenolic fractions from different anatomical parts of the grain must be considered in future studies on the functional and nutraceutical properties of oat whole grain.
